The synthesis of some biologically important xanthenes, by efficient and convenient approach for one-pot condensation reaction of aldehydes and dimedone or β-naphthol in the presence of lactic acid as an efficient, inexpensive and environmental friendliness catalyst under solvent-free conditions, is presented. The merits of this reaction are higher product yields in shorter reaction time and environmentally benign reaction conditions.
Introduction
Critical role of heterocycles is distinguished in the design and synthesis of bioactive small molecules. Among the many heteroaromatic compounds, xanthenes and benzoxanthenes as one of the important classes of organic compounds have received significant attention for many pharmaceutical and organic researchers essentially due to their vast biological and pharmaceutical potent, such as antiviral, 1 antibacterial, 2 and antimalarial 3 . Xanthenes also have been used as dyes, 4, 5 fluorescent materials, 6 and in laser technologies 7 . According to the literature data, various catalysts have been used for the synthesis of 14-aryl-14H-dibenzo[a,j]xanthenes and 1,8-dioxo-octahydroxanthenes such as Dowex-50W, 8 silica sulfuric acid, 9 [Et 3 N-SO 3 H]Cl, 10 1,3,5-trichloro-2,4,6-triazinetrion, 11 o-sulfonated poly(4-vinylpyrrolidonium)chloride, 12 acetic acid, 13 and [n-Pr 2 In the multi-component reactions (MCRs) protocol, several simple starting substrates are involved in a single reaction vessel to generate molecular complexity which possesses substantial elements of all the reactants. 15 MCRs have demonstrated to be a privileged asset in organic and medicinal chemistry owing to their application in synthesis of multifunctionalized and structurally diverse drug-like chemical entities. 16 These reactions in conjunction with solvent-free conditions as one of the key green chemistry protocols present notable evolutions, such as easier work up, decrease in reaction times, increase in yield, avoiding the use of toxic solvents, and minimizing waste generation. 17 As a part of our ongoing efforts towards the development of greener catalytic systems for important organic conversions, [18] [19] [20] [21] we had recently explored the catalytic potential of lactic acid as an efficient, non toxic, commercially available, high yielding, and inexpensive catalyst for the synthesis of various 1,8-dioxo-octahydroxanthene and 14-aryl-14H-dibenzo[a,j]xanthene molecules by one-pot condensation reactions of different benzaldehydes with dimedone or β-naphthol.
Results and Discussion
At first, we focused our attention on the synthesis of 1,8-dioxooctahydroxanthenes (3a-r) (scheme 1). The reaction between benzaldehyde (1) and dimedone (2) in ratio 1:2 was chosen as a simple model substrate, and optimization studies are shown in Table 1 . Further evaluation of the solvent-free reaction conditions using of different temperatures accomplished in the presence of lactic acid as catalyst. As it can be seen in Table 1 , the shorter times and excellent yields were gained when the reaction was carried out at 110 °C (Table 1 , entry 4).
We carried on our endeavors for improvement in the result. So model reactants were allowed to react at a higher or lower catalyst loading (entries [5] [6] [7] [8] that the optimum yield of 1,8-dioxo-octahydroxanthene was obtained in the presence of 20 mol % of lactic acid.
After optimized the reaction conditions, we evaluated the reaction scope using a various aryl aldehydes; results are summarized in Table 2 . As shown in Table 2 , the reaction of aryl aldehydes either with electron-withdrawing groups or electron-donating groups gave the corresponding products with good to excellent yields. In the next step, lactic acid was used in the condensation of β-naphthol (4) with aldehydes (1) leading to 14-aryl-14H-dibenzo[a,j]xanthenes (5a-s) (scheme 2). Our observations showed that under the same conditions used for the preparation of 1,8-dioxooctahydroxanthenes, this reaction was completed; the respective results are summarized in Table 3 . Evidences indicate that, lactic acid is one of the efficient catalyst for one-pot synthesis of 1,8-dioxo-octahydroxanthenes (3a-r) and 14-aryl-14H-dibenzo[a,j]xanthenes (5a-s) under solvent-free conditions that confirms the efficiency of this method. 
Experimental

General
Melting points and IR spectra of all compounds were measured on an
Electrothermal 9100 apparatus and a FT-IR-JASCO-460 plus spectrometer, respectively.
1
H NMR spectra of known compounds were recorded on a
Bruker DRX-400 Avance instrument in CDCl 3 operating at 400 MHz. All reagents were purchased from Merck (Darmastadt, Germany) and Fluka (Buchs, Switzerland) and used without further purification.
General procedure for preparation of 1,8-dioxo-octahydroxanthenes and 14-aryl-14H-dibenzo[a,j]xanthenes
A mixture of different aldehydes (1) Characterization data of selected compounds 9-(3-hydroxyphenyl) -3,3,6,6-tetramethyl-3,4,5,6,7,9- 9-(4-methoxyphenyl) -3,3,6,6-tetramethyl-3,4,5,6,7,9- Ar-H). -3,3,6,6-tetramethyl-3,4,5,6,7,9- 
9-(3,4-dimethoxyphenyl)
14-(4-hydroxy-3-methoxyphenyl)-14-H-dibenzo[a,j]xanthene
Conclusions
In compendium, we have expanded a very facile and comfortable strategy for one-pot synthesis of biologically 14-aryl-14H-dibenzo[a,j]xanthenes and 1,8-dioxo-octahydroxanthene derivatives in the presence of lactic acid as a commercially available, and eco-compatibility catalyst via pseudo three-component condensation reaction between aldehydes and dimedone or β-naphthol under solvent-free conditions. Good to excellent yields, simplicity of operation, comfortable purification, and high atom-economy are the key advantages of the present method.
